Abstract. Collagen hydrolysate of S and C were prepared by enzymatic hydrolysis decalcified tilapia scale and pepsin-solubilised collagen extracted from decalcified tilapia scale. The antioxidative activity of C and S were evaluated by their effects on scavenging ability of superoxide anion O 2-radicals, 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals and reductive ability in vivo. Besides, the activity of glutathione peroxidase (GSH-Px), total antioxidant capacity (T-AOC) and content of malondialdehyde (MDA) in vitro of the laboratory mouse were detected. The results indicated that collagen hydrolysate of C and S show prominent inhibitory effect on scavenging O 2-with the fifty-percent inhibitory concentration (IC 50 ) of 3.7 and 6.5 mg/mL, respectively. The IC 50 of collagen hydrolysate of C and S inhibit the DPPH were 8.4 and 7.2 mg/mL, respectively. Two collagen hydrolysates demonstrated highly reducing activity. In vivo experimentation suggested that C and S can significantly improve the GSH-Px activity, T-AOC and reduce the contents of MDA. As a consequence of results, collagen hydrolysates of C and S extracted from decalcified tilapia scale have a good antioxidation.
Introduction
Tilapia is economically important freshwater fishes widely cultured in the world and China's annual output in 2013 is about 1.66 million ton. During tilapia fillet processing, large quantities of by-products such as skin and scale are produced. Collagen content is very rich in tilapia scale [1] . So far, a number of studies have reported antioxidant activity of protein hydrolysates derived from fish processing by-product wastes, such as tuna backbones, Sardinella aurita heads and viscera and Mediterranean fish discarded, Sphyrna lewini, Dasyatis akjei and Raja porosa cartilage [2, 3, 4] . Therefore, the aims of this work were to investigate antioxidant activity of collagen hydrolysate obtained from tilapia scales in vitro and in vivio assays.
Materials and methods

Materials
Decalcified tilapia scales were provided by Leizhou Northbay Aquatic Product Co., Ltd. The contents of crude protein, collagen and carbohydrate of the scale were 76.9, 61.0 and 0.2% (w/w), respectively. Food-grade neutral protease from Bacillus subtilis 1398 and papain from papaya latex were purchased from Pangbo Biological Engineering Co. Vitamin C （V C ） was purchased from Sangon Biological Engineering Technology & Services Co. 1,1-diphenyl-2-picrylhydrazyl (DPPH) and hydroxyproline were purchase from Sigma Chemical Co. Male Kunming mice (20 ± 2 g) were purchased from the Experimental Animal Center of Guangdong Medical College. Methods Extraction of pepsin-solubilised collagen. Pepsin-solubilised collagen (PSC) was extracted from the decalcified tilapia scales according to the method of Zeng [1] . Collagen hydrolysate preparation. The decalcified scales and PSC were digested with neutral protease and papain (1:1) at temperature of 65 ˚C, pH of 6.0, enzyme (U)-to-substrate (g) ratio of 1000:1 and liquid-solid ratio 1:5 for 3 h, respectively. After hydrolysis, the liquids were heated in a 3rd International Conference on Material, Mechanical and Manufacturing Engineering (IC3ME 2015) boiling water bath (100 ˚C) for 10 min to inactivate the protease, and centrifuged at 4000 g for 10 min. The supernatants were spray-dried and referred to as collagen hydrolysate of S and C, respectively. Determination of proximate components. The proximate composition was determined according to AOAC official methods [5] . Total carbohydrate content of samples was determined by the phenol-sulfuric acid method [6] . Amino acid analysis. Collagen hydrolysates were dissolved in 2 mL of 6 M HCl, respectively. The mixture was evacuated, vacuum-sealed and hydrolyzed at 110 ˚C for 24 h. Then the hydrolysate was vaporised and the residue was dissolved in 25 mL 0.1 M HCl. An aliquot of 0.05 mL was applied to an amino acid analyzer (HITACHI 835-50 Amino Acid Analyzer, Tokyo, Japan). Hydroxyproline was added into the amino acid mixture standard and then the standard includes 17 kinds of amino acids. Superoxide anion O 2-radicals scavenging assay. Scavenging ability of superoxide anion O 2-radicals of collagen hydrolysate was determined according to the method of Guo [7] . The scavenging rate for superoxide anion O 2-was calculated as: O 2-radical scavenging rate (%)=(1-V t /V 0 )×100 (1) The EC50 value was defined as the concentration of sample (mg·mL -1 ) required to scavenge 50% of superoxide anion O 2-radicals. DPPH radical scavenging assay. The DPPH-radical scavenging activity was measured according to the method described by Bortolomeazzi [8] . The antioxidant activity of the sample was evaluated by the inhibition percentage of DPPH with the following equation:
DPPH-radical Scavenging rate (%) = (1+(A b -A s )/A o ) ×100 (2) Where, A s , A 0 and A b were the absorbance of the reaction solution with sample, control group and blank, respectively. Ascorbic acid (V C ) was used as a positive control. The EC 50 value was defined as the concentration of sample (mg·mL -1 ) required to scavenge 50% of DPPH-radical. Reducing power assay. The reducing power was measured according to the procedure described by Zhu [9] . Measurement of malondialdehyde (MDA) level, activity of GSH-px and total antioxidant capacity in mouse liver. Male Kunming mice were group-housed (10 mice per cage) with free access to food and water, and kept in a regulated environment at 25±1˚Cunder 12 h light/12 h dark conditions. After 1 week of acclimatization to the home cage, the mice were randomly divided into four groups. In the experimental session, the normal control group (NG) mice were i.p. injected with 0.3 ml of saline and the positive control group (group PC) mice, collagen hydrolysate treatment group (group CA and CB) mice were intragastric administration with ginseng royal jelly, hydrolysate S and C (50 mg·kg -1 ) once daily for 30 days, respectively. After the final intragastric administration for 30 min, mice were put in swimming box to swim for 90 min and then decapitated. Their livers were removed rapidly and homogenized in cold saline. The homogenate (10%) was centrifuged at 3000g at 4 ˚C for 20 min, and the supernatant was used for an assay. The thiobarbituric acid reaction (TBAR) method was used to determine the MDA (detected at 532 nm) [10] . MDA content was expressed as nanomoles per milligram of liver. The activity of GSH-px was determined by quantifying the catalyzed reaction rate of H 2 O 2 and GSH. One unit (U) of GSH-px was defined as the amount that reduced the level of GSH by 1 μmol.
Total antioxidant capacity was determined used assay kit with 2,2-azinobis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) method. Statistical analysis. The experimental results were performed in triplicate. The data were recorded as mean±standard deviation and analysed by SPSS (version 11.5 for Windows 2000, SPSS Inc.).
Results and discussion
Proximate components. The proximate components of collagen hydrolysate S and C were shown in Table 1 . Note: Values for a particular column followed by different letters differ significantly. The contents of proximate components of collagen hydrolysate S and C were similar (P＞0.05). They are rich in protein.
Amino acid composition. The amino acid composition of hydrolysate S and C is shown in Table 2 . Table 2 suggested that collagen hydrolysate S and C mainly contained glycine, alanine, proline, hydroxyproline and glutamine, in which glycine was the most abundant with the amount of 22% of the total amino acid. It is widely accepted that peptides with high contents of histidine, proline, alanine, valine, methionine, and hydroxyproline possess a strong antioxidant capacity [11] . DPPH radical scavenging activity. DPPH radical scavenging activities of hydrolysate S and C are depicted in Fig.1 . Fig.1 The effect of hydrolysates on scavenging DPPH Fig. 1 shows the DPPH radical scavenging activity of collagen hydrolysate S and C at the highest concentration, were 58.64 and 52.31(mg/mL), respectively. No significant (P>0.05) difference in radical scavenging activity was observed between the two collagen hydrolysates. Superoxide anion scavenging activity. Fig.2 showed the superoxide anion scavenging activity of hydrolysate S and C. They have obvious scavenging ability against superoxide anion. The antioxidant activities increased gradually with increasing of the concentration of hydrolysates. Reducing power. The reducing power of collagen hydrolysates S and C is shown in Fig. 3 . Fig.3 Reducing capacity of collagen hydrolysate Fig. 3 suggests that collagen hydrolysate exhibited dose-dependent reducing power, showing the ability to reduce ferric ions to ferrous ions. In vivio antioxidant activity. Antioxidant effects of in mice were showed in Table 3 . Note: There were no significantly different between the groups if they were not connected with the same letter.
The results suggested that the S and C can improve the total antioxidant capacity significantly. In comparison to NC group mice, collagen hydrolysate S and C can decrease the level of MDA and the activity of GSH-px.
Conclusions
Collagen hydrolysate prepared by hydrolysate decalcified tilapia scale and its pepsin-solubilised collagen (PSC) with pepsin was found to possess the antioxidant activity in vivo and in vitro assays. Therefore, they may serve as a good source of desirable antioxidant peptides for nutraceutical and pharmaceutical ingredients.
